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Description

The present invention relates to a process for
production of chlorine dioxide from an alkali metal
chlorate, a mineral acid and a volatile liquid reduc-
ing agent. The process is carried out in a vessel
operated under subatmospheric pressure, whereby
water is evaporized and withdrawn together with
chlorine dixode and the alkali metal salt of the
mineral acid is crystallized within the reaction ves-
sel and withdrawn therefrom. According to the in-
vention the utility of the liquid volatile reducing
agent is enhanced by the addition of the agent fo
the region of crystallization in the reaction vessel.

Chlorine dioxide used as an aqueous solution
is of considerable commercial interest and impor-
tance, mainly in the area of pulp bleaching but also
in water purification, fat bleaching, removal of
phenols from industrial wastes, etc. It is therefore
desirable to provide processes by which the chlo-
rine dioxide can be efficiently produced.

The predominant chemical reaction involved in
such processes is summarized by the formula

Clos~ + CI= + 2H* = Cl0; + iCl> + H0 1]

The chlorate ions are provided by alkali metal
chlorate preferably sodium chlorate, the chloride
ions by alkali metal chloride, preferably sodium
chloride, or by hydrogen chloride, and the hy-
drogen ions by mineral acids, normally sulfuric acid
and/or hydrochloric acid.

Processes for producing chlorine dioxide are
set forth in e g US. patent 3,563,702 and
3,864,456, which are hereby incorporated by refer-
ence, comprising continuously feeding to a single
vessel generator-evaporator-crystallizer alkali metal
chlorate, an alkali metal chloride and mineral acid
solutions in proportions sufficient to generate chlo-
rine dioxide and chlorine, at a temperature of from
about 50 to about 100 degrees centigrade, and an
acidity of from about 2 to about 12 normal, with or
without a catalyst, removing water by vacuum-in-
duced evaporation at about 100-400 millimetres of
mercury absolute, with concurrent withdrawal of
chlorine dioxide and chlorine, crystallizing the salt
of the mineral acid within the generator and with-
drawing the crystals from the vessel.

In those reaction systems wherein the acid
normality is maintained between about 2 and 4.8,
the reaction may be carried out in the presence of
a relatively small amount of a catalyst, such as
those selected from the group consisting of vana-
dium pentoxide, silver ions, manganese ions, di-
chromate ions and arsenic ions.

In existing processes for production of Cl02
there is often also a by-product Cl» formation, due
to the use of chloride ions as reducing agents

10

15

20

25

30

35

40

45

50

55

according to formula [1]

An additional small amount of chlorine is also
produced by the side reaction according to the
formula

ClOg~ + 6H* + 5CI~ — 3Cl> + 3H20 [2]

This chlorine by-product has formerly been
used as such in the paper mills as a bleaching
agent in aqueous solution, or it has been reacted
with sodium hydroxide to form sodium hypochlorite
and used as a bleaching agent. Today there is a
tendency towards a more extensive chlorine diox-
ide bleaching and thus a decreasing need for chlo-
rine and hypochlorite as bleaching agents. Another
disadvantage with by-product chlorine is that the
concentration of the chlorine solution is very low,
normally 1 - 5 gpl. Because of the large amount of
water, modern bleaching systems cannot use the
by-product chlorine in the chlorination stage. This
means that many pulp mills consider the chlorine
as a by-product of limited value.

Another process, described in copending FR. 2
578 238, is based on the chemistry of reaction [1]
combined with a subsequent reactor for conversion
of Cl» to a mixed acid which can be recycled.

Cl, + SO, + 2H,0 — 2HCI] + H»SO04 [3]

This process has the advantages of high effi-
ciency and reduced sodium sulfate by-product.
Some small amounts of chlorine are produced
since the absorption of Cl0z> from the reactor gas
mixture of Cl02, Cl> and H»0 is not completely
selective. Thus, it is normal to get 0.2 - 2.0 gpl Ch»
or more frequently 1.0 - 1.8 gpl Clz in the ClO2
water.

It is also known to use other reducing agents
which do not produce chlorine as a by-product. In
US patent 3933988 sulfur dioxide is used as reduc-
ing agent and in US patents 4081520, 4145401,
4465658 and 4473540 methanol is used as reduc-
ing agent.

Methanol is liquid and volatile and is therefore
easily desorbed due to the conditions in the reac-
tion vessel where water is evaporized. The metha-
nol utility, in a process as described in e.g. US
patent 4465658 is very low. The consumption of
methanol is 190 - 200 kg per ton produced chlorine
dioxide, whereas the theoretical amount is only 79
kg/ton, according to the formula

6NaCl0z + CH30H + 4H, S0, -
6ClOz + CO2 +5H20 + 2NagH(SO04 ), [4]

Thus, only about 40 % of the methanol
charged is used efficiently in the existing pro-
cesses.
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A thorough study of the reaction products from
processes of prior art reveals that part of the
methanol charged leaves the reactor unreacted.
This loss may be as high as 30 to 40 % or 60 - 80
kg/ton CI02. This unreacted methanol will be ab-
sorbed in the CI0, water where it can react with
Cl02 and cause a loss in overall efficiency.

Another source of losses is inefficiencies in the
methanol oxidation following the net reactions

12NaCl0; + 3CH; OH +8H,S0, — 12CI0; + 4NagH-
(SO4)2 +3HCOOH +9H,0  [5]

6NaCl0; + 3CHsOH +4H,S0,  —
(SO4)z +3HCHO +6H,0  [6]

6CI0, +2NagH-

These consume 120 and 240 kg methanol per
ton of Cl0z respectively.

Losses also result from inefficiency in Cl0-
formation according to the net reactions

6NaCl0s +5CH3OH +4H>,S0, —
(SO4)2 +5C0, +13H20 7]

3Clz + 2NazH-

12NaClO3z + 15CH3;0H +8H>S0, — 6Cl> +4NazH-
(SO4), +15HCOOH +21H,0 8]

It should be noted that the reactions given
above represent net reactions and that in most
cases the true mechanisms involve several inter-
mediate steps.

For example, the direct reactions with chlorate
ions and methanol are very slow and the ftrue
reducing agent in this case is chloride ions reacting
according to [1] The chlorine formed is then reac-
ting with methanol to regenerate chloride ions fol-
lowing the reaction

CH3OH +3Clz +H20 — 6CI~ + CO> +6H* [9]

Thus, it is often necessary to add a small
amount of chloride ions continuously in order to
obtain a steady production.

The present invention provides a method for
production of chlorine dioxide in which none or
essentially no chlorine is formed and in which the
efficiency of a volatile liquid reducing agent is
substantially increased in comparison with prior art.

The invention thus relates to a process as
described in the accompanying claims.

According to the invention it has been found
that methanol losses are strongly dependent on the
mode of addition to the reactor. When a reactor
was operated according to 1983 Pulping Confer-
ence Tappi Proceedings, page 632, with methanol
feed at the same point as chlorate feed, i.e. before
the heat exchanger, which is the normal feed point
of reducing agents in existing processes, the
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methanol loss was 37 %. When the same reactor
was operated with methanol addition at a point
within the body of the reactor according to the
invention, the methanol content in the product gas
mixture was analyzed and the loss calculated to 3
%.

The invention relates to a process for produc-
tion of chlorine dioxide by reacting in a reaction
vessel an alkali metal chlorate, a mineral acid and
a volatile liquid reducing agent in proportions fo
generate chlorine dioxide in a reaction medium
maintained at a temperature from about 50°C to
about 100°C and subjected to a subatmospheric
pressure sufficient to effect evaporation of water
whereby a Mixture of chlorine dioxide and water
vapour is withdrawn from an evaporation region in
the reaction vessel and precipitation of an alkali
metal salt from the mineral acid in a crystallisation
region in the reaction vessel wherein the volatile
reducing agent is introduced in the crystallisation
region of the reaction vessel.

From FR 1 471 370 a clorine dioxide process
carried out in two reactors, one generator and one
crystallizer, is known. The chlorate solution is ad-
ded to the crystallizer to lower the pH below 4.3 in
the crystallizer. Chloride ions, being the reducing
agent, are added together with the chlorate solu-
tion. Methanol is generally mentioned as a possible
reducing agent, but no directive how to add metha-
nol is given.

The chlorine dioxide generator can be sepa-
rated into three main regions depending on the
different physico-chemical processes leading fo
chlorine dioxide generation in a process using sub-
atmospheric pressure for evaporation of water in
order to dilute the chlorine dioxide leaving the
reactor and in order to reduce the amount of water
in the reactor for obtaining crystallization of the
alkali metal salt of the mineral acid.

With reference to fig. 1, which is a schematic
view of a chlorine dioxide generator, the first region
(A) is the region of heat exchange and is the
volume between the feed point of chlorate solution
and the feed point of acid. This region includes a
heat exchanger where the reactants are heated to
the desired reaction temperature. In the upper part
the reaction medium is boiling.

The second region (B) is the region of evapora-
tion and extends to the level in the reactor where
boiling of the reaction medium ceases.

In region B the mineral acid can be fed to the
hot chlorate rich solution. The heat of dilution of the
acid will increase temperature further and together
with the acidity increase the reactivity will increase
strongly. In this region the chemical reaction ac-
cording to formula [1] will also be the predominant
process.
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The water vapour formed will facilitate desorp-
tion of dissolved gas in the reaction liquid. For the
conventional process, i.e. when chloride is used as
reducing agent, this is beneficial since ClO. and
Cl, are removed, so that the inhibiting effect of Cl»
on ClO. formation is avoided and further loss reac-
tions of ClO; in the solution are obviated. However,
in the case of processes using volatile reducing
agents, these will be desorbed by the water vapour
fo a large extent and thereby removed from the
reactor.

Boiling occurs in the reaction medium when
the sum of vapour pressure of water (Puag), Cl02
and other volatile components(XP;) in the liquid is
equal to the total pressure (P(Y)), i.e. when

P(Y) = Pugo + XP;  [10]

The pressure in the generator will be essen-
tially constant in the vapour phase but increases
downward in the liquid phase (coordinate Y) due to
the static pressure of gases, reactor liquid and
crystals.

If Pror denotes the pressure in the vapour
phase and P(Y) the pressure at a level Y in the
liquid phase then

P(Y) = Pror + ¢(Y)gY  [11]
where

¢(Y) = density of the three phase mixture of gas,
liquid and solids.

In the evaporation region the pressure in the
liquid phase increases with the square of the liquid
depth (Y), whereas in the crystallization region C
the pressure increases linearly with Y down to the
lowest point in this region.

For a given temperature, gas phase pressure
(Ptor) and solids concentration the depth of the
evaporation region can be calculated in known
manner.

The third region (C) is the region of crystalliza-
tion and is the volume of the reactor in which the
liquid flow is directed essentially vertical down to
the feed point of chlorate solution. Here crystals of
sodium sulfate, sodium sesqui sulfate or sodium
bisulfate will grow from nuclei formed by the reac-
tion in the region B. The chlorine dioxide reaction
may continue here, but crystal growth is the domi-
nating process.

By the addition of the reducing agent in the
crystallization region unnecessary desorption of the
volatile reducing agent due to the evaporation con-
ditions in the reactor is avoided. Since chlorine
normally is desorbed in the region of evaporation it
was surprising to find that the reaction medium in
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the region of crystallization still contained chlorine,
in sufficient amounts to be reduced by the reduc-
ing agent to chloride ions according to [9]. These
chloride ions are essential for the chlorine dioxide
production according to [1].

It should be understood, that addition of the
volatile reducing agent to the region of crystal-
lisation according to the invention should be inter-
preted so that crystallisation is the predominant
reaction in this part of the reaction vessel but that
of course a minor evaporation of the reaction me-
dium can exist. The addition of the liquid volatile
reducing agent is carried out in the upper part of
the crystallization region in order to obtain long
contact time between the reducing agent and dis-
solved chlorine in the reaction medium.

The invention is applicable to processes with
volatile liquid reducing agents for the reduction of
chlorine to chloride such as formaldehyde, metha-
nol, ethanol and other oxidizable organic or in-
organic liquids. Methanol is the preferred reducing
agent and is therefore referred to below.

The invention applies to suitably CIO2 genera-
tion processes working in a wide range of acidity,
suitably 2 - 11 N.

When the acidity is in the range of 0,05 o 0.3
N the mineral acid is preferably hydrochloric acid.
At higher acidity sulfuric acid is preferably used, or
a mixture of sulfuric acid and hydrochloric acid.

At low normality it is preferred to add a cata-
lyst, such as those normally used in chlorine diox-
ide production. At normality ranges from about 5
up to below 7, there is no specific need for a
catalyst, although production in some cases can be
increased by using such. For many reasons it can
be suitable to carry out the reaction in this range of
normality. It is an advantage to avoid too high
acidity in the reaction vessel, as this increases
corrosion of the equipment or requires more corro-
sion resistent construction material which in turn
increases costs. Another advantage by carrying out
the reaction at this acidity range is that the
precipitated salt of the mineral acid contains less
coprecipitated acid values which otherwise must be
neutralised before disposal or re-use at the paper
mill.

Another advantage of low acidity operation oc-
curs when a chlorate feed stream containing chro-
mium is utilized. It is known that the tendency of
NaHSO. formation is larger when chromium is
present even at as low acidity as 8.5 N. Since the
NaHSO, crystal contains 36 % H»SO, as com-
pared to 18 % H2S80: in NazH(SO:), it is highly
undesirable to obtain that crystal. Not only does
the acid demand in the process increase, but there
is also an increased need for caustic addition to the
water or black liquor when dissolving the salt cake
therein. If the black liquor is not kept alkaline
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enough, H2S can be released with a risk of fire or
intoxication of the working environment.

The process is also easier to control due to
less rapid reactions and it has been found that the
risk of loss of chloride ions in the reaction medium
and subsequent white outs is substantially reduced
by operating in the low acid region.

At acidities above approximately 4.8 N up to
appr. 11 N the crystals formed are needle shaped
sodium sesqui-sulphate, NagH(S04),.

These tend to form clustered agglomerates
which give a hard salt cake on the filter, increasing
the problem to break off the washed cake for
further handling.

It was surprisingly found that the shape of the
needles was dependent on acidity and that the
shorter needles obtained at low acidities were more
easily separated on the filter since they did not
form as hard a filter cake as did the longer needles
obtained at high acidities.

A steady continuous filter operation is essential
for the reliability of the total process of chlorine
dioxide generation.

The filtration operation consists of several
steps, all of which must function without distur-
bance:

formation of the salt cake

dewatering

washing

dewatering

release
All these steps occur continuously in series on the
quickly revolving filter.

The washing of the salt cake was more efficient
in the case with short needles since the long nee-
dles gave a more heterogeneous cake with in-
creased channeling of the wash water. Also the
lower acidity led to a lower sulfuric acid contamina-
tion of the salt cake as seen by the example below.

The release of the salt cake from the filter is
often made with a jet of air or steam or by the aid
of a mechanical knife or scraper. In this step it was
seen that the salt cake containing short needles
was looser and more easily broken up and re-
leased compared to the harder salt cake obtained
at high acidity.

A further advantage of the low acidity operation
is that the smaller crystals dissolve more easily in
the black liquor.

The reaction can also be carried out at acidity
ranges above 7 N and preferably up to about 10 N.
At high acid normality there is no need for using a
catalyst for increasing the reactivity and the cry-
stals are larger and easier to dewater on the filter.

Best results for the production of chlorine diox-
ide according to the invention are obtained by
using sodium chlorate as alkali metal chlorate and
sulfuric acid as mineral acid at an acidity of 5 - 11
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N. Methanol is the preferred volatile reducing
agent. It is suitable to operate the reaction vessel
under a pressure of 60 - 400 mm Hg,preferably 90
- 200 mm Hg and at a temperature of 50-90°C,
preferably 60 - 75°C. In order to avoid production
losses during start up or rate changes it is suitable
to add minor amounts of chloride ions, preferably
as sodium chloride, in order to keep its concentra-
tion in the reactor normally in the range from 0.001
and up to 0.8 moles/L.

A further increase in methanol efficiency and
also less chlorine formation are obtained if the
region of reaction is moved to the body of the
reactor, i.e. from B to C. The chlorine formed in the
reaction [1] will then be released at the point of
methanol addition and react fast according to [9] in
a region where desorption is not competing as in
region B.

In practice the reaction region is moved to the
reactor body by changing the feed point of acid to
this point.

The term "point of feeding" or "point of addi-
tion" used here does not implicate that the reac-
tants are fed through a simple pipe at one single
spot. On the contrary it is of advantage for this
invention that the feed is made in a well distributed
way. Thus, there can be one or several feed pipes
in the reactor body each equipped with means for
distribution of the feed into the reactor solution.
These means can consist of porous or perforated
pipes or plates nozzles or the like.

Another secondary effect obtained by the in-
vention is that the BOD (biological oxygen demand)
in the bleaching effluent is 0.2 - 1 kg BOD per ton
pulp lower when ClO, water according to the inven-
tion is used due to the reduced methanol content,
compared to when ClO: water from traditional
methanol processes is used for bleaching.

It has also been found that the oxidation of
methanol to formic acid can be favoured by addi-
tion of small amounts of catalysts to the reactor.
The active catalysts belong to the groups VB -
VIIIB, 1B, IVA and VIIA of the periodic table of the
elements. The highest activity has been found for
compounds containing V, Nb, Cr, Mn, Fe, Ru, Os,
Co, Ni, Pd, Pt, Cu, Ag, Ge, Sn, Pb, Br or | either
separate or in combinations.

Although the exact mechanism for the en-
hancement of efficiency of these catalysts has not
been understood it is believed that they increase
the reactivity of the complete oxidation of methanol
to carbon dioxide. The amounts of catalyst needed
for a significant increase in methanol efficiency
vary with the type but is typically 2 - 1000 ppm.

Hereby the methanol utility is further increased
and the consumption is reduced. Further more the
formic acid content of the ClO»-water is substan-
tially reduced which has been shown to improve
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the stability of the water.
The invention is illustrated by the following
examples:

Example 1

A laboratory chlorine dioxide generator was
operated at a production rate of 90 g Cl02/h at a
pressure of 90 mg Hg. A solution with 550 gpl
NaCl0; was continuously fed with 270 mi/h to the
generator together with a small stream of 5 M
chloride so that the chloride concentration in the
generator was 0.1 M. Methanol was added as a 50
wt % solution in water at a feed rate of 25 ml/h and
sulfuric acid was fed in 93 wt % concentration at a
rate sufficient to keep an acidity of 9.5 N in the
generator. The chlorate, chloride and methanol
were all added after the region of crystallization but
before the heat exchanger and the sulfuric acid
was fed after the heat exchanger.

A gas mixture of chlorine, chlorine dioxide,
water vapour, methanol, carbon dioxide, formic acid
and air left the reactor and was absorbed in cold
water to give a chlorine dioxide water containing 8
gpl ClO2 and 0.3 gpl Cl.. The composition of the
gas mixture was analyzed and showed a ratio of
CH3O0H to CIO2 of 0.047 g/g i.e. 37 % of the total
methanol feed of 15.74 g/h or 0.17 g/g ClO2 was
lost. The chlorine production was 0.025 g/g ClO;
and the ratio of carbon dioxide to formic acid was
0.32.

Crystals were continuously formed in the gen-
erator and periodically discharged to keep an es-
sentially constant slurry density within the gener-
ator. Analysis of the dry crystals showed that they
were sodium sesqui sulfate, NazH(SOs), The
amount produced was 1.35 g/g CIO-.

Example 2

The same laboratory reactor as used in Exam-
ple 1 was now modified to enable methanol addi-
tion in the region of crystallisation in the reactor. In
this case at a level of 0.5 m below the liquid
surface the pressure and feed rates were equal to
those used in example 1, and the height of the
evaporative region could be calculated to 0.2 m.

Three different tests were carried out. In the
first test the reactor was operated at 4.5 N acidity
with silver and manganese added as a catalyst to
give a production rate of 90 g Cl02/h. The crystals
formed were Na;SO; (s) and the amount was 1.10
g/g ClO.

In the second test the normality was raised to
6.5. The crystals formed were NazH(SO:), (s) in an
amount of 1.35 g/g CI0>.

The third test was carried out at a normality of
9.5. Also here NagH(SO:), was formed, and the
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amount was 1.35 g/g CI0>.

The produced gas mixture from all tests con-
tained a ratio of CH3OH to Cl02 of 0.004 g/g, i.e.
only 3 % of the methanol feed was lost. The same
ratio of CO, to HCOOH as in Example 1 was
obtained in all three tests.

Example 3

The same experiment as in Example 2 was
performed, but now with the use of a catalyst
consisting mainly of Pblz in a concentration of 50
ppm.

The acidity in the reactor was 4.9 N and the
feed concentrations and pressure the same as in
Example 2. The methanol and chloride feed
streams were added in the region of crystallization
in the reactor as in Example 2.

The gas mixture produced contained a ratio of
CHs;O0H to Cl0> of 0.004 g/g, i.e. 3 % of the
methanol was lost. The ratio of CO, to HCOOH
was 1.27, i.e. the methanol was more efficiently
converted to CO2 in comparison with previous ex-
amples. The total methanol charge was thus 0.11
g/g ClOz, only 63 % of the amount used in Exam-
ple 1 and only 69 % of the amount used in
Example 2. Since the formic acid contamination of
the ClO2 water was cut in half an increased stabil-
ity was obtained.

Claims

1. A process for production of chlorine dioxide by
reacting an alkali metal chlorate, a mineral acid
and methanol in a chlorine dioxide generator
comprising a reaction vessel and a heat ex-
changer, said generator containing three re-
gions namely the heat exchange region (A),
defined as the volume between the feed point
of chlorate solution and the feed point of min-
eral acid, this region (A) including a heat ex-
changer which maintains the reaction medium
at a temperature from about 50°C to about
100 C; an evaporation region (B) connected to
the heat exchange region by means of a pipe
and which extends to the level in the reaction
vessel where boiling of the reaction medium
ceases; said reaction medium being subjected
to a sub-atmospheric pressure sufficient to ef-
fect evaporation of water whereby a mixture of
chlorine dioxide and water vapour is withdrawn
from the evaporation region in the reaction
vessel; a crystallization region consisting of the
volume of the reaction vessel below the evap-
oration region and in which the liquid flow is
directed vertical down to the feed point of
chlorate solution and where crystallization oc-
curs and an alkali metal salt from the mineral
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acid is precipitated from the reaction medium
characterized in that methanol is introduced in
the upper part of the crystallisation region of
the reaction vessel.

A process according to claim 1 characterized
in that the mineral acid is sulfuric acid.

A process according fo claim 1 or 2, character-
ized in that the acidity is from about 5 up to
about 11 N.

A process according to claim 1, 2 or 3, char-
acterized in that the acid normality is from
about 5up to 7.

A process according to claim 1, characterized
in that the alkali metal chlorate is sodium chlor-
ate.

A process according to claim 1, characterized
in that chloride is added to the reaction me-
dium to keep a chloride concentration of from
0.001 and up to 0.8 mole chloride/l.

A process according to claim 1 characterized
in that the chlorine dioxide production is car-
ried out in the presence of a catalyst belonging
to the groups VB - VIIIB, IB, IVA and VIIA of
the periodic system.

A process according to claim 7 characterized
in that the catalyst is a compound containing
V, Nb, Cr, Mn, Fe, Ru, Os, Co, Ni, Pd, Pt, Cu,
Ag, Ge, Sn, Pb, Br or | either separate of in
combination.

Patentanspriiche

1.

Ein Verfahren zur Herstellung von Chlordioxid
durch Reaktion vom Alkalimetallchlorat, Mine-
ralsdure und Methanol in einem Chlordioxidge-
nerator, der ein ReaktionsgefdB und einen
Warmetauscher aufweist, wobei der Generator
drei Regionen aufweist, ndmlich die Wirme-
tauschregion (A), definiert als das Volumen
zwischen der Zufuhrstelle der Chloratidsung
und der Zufuhrstelle von Mineralsdure, diese
Region (A) umfaBt einen Wirmetauscher, der
das Reaktionsmedium auf einer Temperatur
zwischen etwa 50°C bis etwa 100°C hilt;
einer Verdampfungsregion (B), die mit der
Warmetauscherregion mittels eines Rohres
verbunden ist und sich bis zu dem Niveau im
Reaktionsgef4B erstreckt, in dem das Kochen
des Reaktionsmediums aufhort; dieses Reak-
tionsmedium ist einem Druck unterworfen, der
geringer ist als der atmosphdrische Druck und
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der ausreicht, um Verdampfen von Wasser zu
bewirken, wodurch eine Mischung von Chlor-
dioxid und Wasserdampf aus der Verdamp-
fungsregion des ReaktionsgefdBes abgezogen
wird; eine Kristallisationsregion besteht aus
dem Volumen des ReaktionsgfdBes unterhalb
der Verdampfungsregion, in der der Flissig-
keitsfluB vertikal nach unten zur zufuhrstelle
der Chloratldsung gerichtet ist und in der Kri-
stallisieren erfolgt, wobei ein Alkalimetallsalz
der Mineralsdure aus dem Reaktionsmedium
niedergeschlagen wird, dadurch gekennzeich-
net, daB Methanol in den oberen Teil der Kri-
stallisationsregion des Reaktionsgefdfies zuge-
flhrt wird.

2. Verfahren nach Anspruch 1, dadurch gekenn-
zeichnet, daB die Mineralsdure Schwefelsdure
ist.

3. Verfahren nach Anspruch 1 oder 2, dadurch
gekennzeichnet, daB die Siurewertigkeit zwi-
schen etwa 5 bis etwa 11 N liegt.

4. \Verfahren nach Anspruch 1, 2 oder 3, dadurch
gekennzeichnet, daB die Sdurenormalitdt zwi-
schen etwa 5 bis 7 liegt.

5. Verfahren nach Anspruch 1, dadurch gekenn-
zeichnet, daB das Alkalimetalichlorat Natrium-
chlorat ist.

6. Verfahren nach Anspruch 1, dadur ch gekenn-
zeichnet, daB dem Reaktionsmedium soviel
Chlorid zugefiigt wird, daB die Chloridkonzen-
tration zwischen 0,001 und 0,8 Mol Chlorid/l
betragt.

7. Verfahren nach Anspruch 1, dadurch gekenn-
zeichnet, daB die Chlordioxidproduktion in Ge-
genwart eines Katalysators durchgefiihrt wird,
der zu den Gruppen VB - VIIIB, IB, IVA und
VIIA des Periodensystems gehdren.

8. Verfahren nach Anspruch 7, dadurch gekenn-
zeichnet, daB der Katalysator eine Verbindung
ist, die V, Nb, Cr, Mn, Fe, Ru, Os, Co, Ni, Pd,
Pt, Cu, AG, Ge, Sn, Pb, Br oder J, entweder
getrennt oder in Kombination enthilt.

Revendications

1. Procédé de production de dioxyde de chlore
consistant & faire réagir un chlorate de métal
alcalin, un acide minéral et du méthanol dans
un générateur de dioxyde de chlore compre-
nant un récipient réactionnel et un échangeur
de chaleur, ledit générateur contenant trois zo-
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nes, & savoir la zone d'échange de chaleur
(A), définie comme le volume entre le point
d'introduction de la solution de chlorate et le
point d'introduction de l'acide minéral, cette
zone (A) incluant un échangeur de chaleur qui
maintient le milieu réactionnel & une tempéra-
ture d'environ 50°c & environ 100°C; une
zone d'évaporation (B), reliée a la zone
d'échange de chaleur au moyen d'une canali-
sation, qui s'étend dans le récipient réactionnel
au niveau ol le point d'ébullition du milieu
réactionnel cesse; ledit milieu réactionnel étant
soumis & une pression inférieure A la pression
atmosphérique suffisante pour effectuer une
évaporation de |'eau, tandis qu'un mélange de
dioxyde de chlore et de vapeur d'eau est sou-
tiré de la zone d'évaporation dans le récipient
réactionnel; une zone de cristallisation consti-
tuée du volume du récipient réactionnel au-
dessous de la zone d'évaporation et dans le-
quel le courant liquide est dirigé verticalement
vers le bas jusqu'au point d'introduction de la
solution de chlorate et ol la cristallisation ap-
paraft et un sel de métal alcalin provenant de
I'acide minéral est précipité du milieu réaction-
nel, caractérisé en ce que le méthanol est
introduit dans la partie supérieure de la zone
de cristallisation du récipient réactionnel.

Procédé selon la revendication 1, caractérisé
en ce que l'acide minéral est I'acide sulfurique.

Procédé selon la revendication 1 ou 2, caracté-
risé en ce que l'acidité est d'environ 5 jusqu'a
environ 11N.

Procédé selon la revendication 1, 2 ou 3, ca-
ractérisé en ce que la normalité de l'acide est
d'environ 5 jusqu'a 7N.

Procédé selon la revendication 1, caractérisé
en ce que le chlorate de métal alcalin est le
chlorate de sodium.

Procédé selon la revendication 1, caractérisé
en ce que le chlorure est ajouté au milieu
réactionnel pour maintenir une conceniration
de chlorure de 0,001 et jusqu'a 0,8 mole de
chlorure/l.

Procédé selon la revendication 1, caractérisé
en ce que la production de dioxyde de chlore
est effeciuée en présence d'un catalyseur ap-
partenant aux groupes VB - VIIIB, IB, IVA et
VIIA du sysiéme périodique.

Procédé selon la revendication 7, caractérisé
en ce que le catalyseur est un composé conte-
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nant V, Nb, Cr, Mn, Fe, Ru, Os, Co, Ni, Pd, Pt,
Cu, Ag, Ge, Sn, Pb, Br ou |, pris chacun
séparément ou en combinaison.
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